river ( Fig. 1 ) during each of 3 seasons (hot-dry, rainy, and cooldry). The snail specimens were identified using Brandt's taxonomic key [19] and were examined for cercarial infections by crushing. The types of cercariae were morphologically identified under a compound microscope, and only pleurolophocercous cercariae were preserved in 70% alcohol for DNA extraction.
The genomic DNA was extracted and purified from individual pleurolophocercous cercariae samples found in each snail using commercial GF-1 tissue DNA extraction kit (Vivantis, Malaysia) according to the manufacturer's instructions. The genomic DNA of each sample was eluded in 50 ml of the elution buffer provided with the kit and stored at -20℃.
The H. taichui specific primers were tested for specificity prior to perform the detection of cercarial stage by attempting to amplify them with all 6 adult trematode DNAs, including H. taichui, H. pumilio, S. falcatus, Centrocestus caninus, Haplorchoides sp. and Opisthorchis viverrini. These mentioned worms are widely distributed with a high prevalence of infection in Chiang Mai province, Thailand as same as they have been reported frequently in a past decade [4, 5] .
PCR amplification for the test of specificity and detection of cercarial stages of H. taichui were also conducted using H. taichui specific primers. There were 5′ -GGCCAACGCAATCGTCATCC-3′ (Hapt_F) as a forward primer and 5′ -GCGTCGGGTTTCA-GACATGG-3′ as a reverse primer [6] . The PCR amplifications were carried out in a final volume of 20 ml, including 1 ml of DNA template of pleurolophocercous cercariae from each snail sample, 0.6 ml of each primer (Hpt_F and Hpt_R), 0.3 ml of MgCl2, dNTPs, and Taq DNA polymerase. The amplification procedure involved an initial denaturation step at 95℃ for 5 min, then 35 cycle including denaturation at 95℃ for 45 sec, primer annealing at 68℃ for 45 sec, extension at 72℃ for 1 min, and final extension at 72℃ for 7 min. PCR products were analyzed after electrophoresis separation at 50 volt for 45 min on 2.5% agarose gels stained with ethidium bromide in TBE buffer. Gels were visualized by a Kodak Digital Camera (Gel Logic 100).
A total of 988 collected snails were identified to be 3 species, including Melanoides tuberculata, Tarebia granifera, and Thiara scabra. Pleurolophocercous cercariae were found in 214 snails, with an overall prevalence of 21.7%, as detected by the morphology. The highest prevalence of infection was found in the cool-dry season (November -February) (30.87%), followed by hot-dry season (March -May) (23.45%), and rainy season (MayOctober) (15.74%) (Fig. 2) .
When H. taichui specific primers were applied in combination to DNA from all 6 parasites, only 256 bp specific fragment of H. taichui was generated and there was no cross reaction with any other tested trematodes (Fig. 3) . This result confirmed the specificity of H. taichui specific primers which were appropriate for detection of cercariae in snails.
For the detection of H. taichui in snails, 256 bp fragments were generated in different pleurolophocercous cercariae (Fig.  4) . Genomic DNA of H. taichui adult worm was used as the positive control, and also gave an amplification product of 256 bp. This result provided the effective evidence by revealing that not only H. taichui that was developed from pleurolophocercous cercariae, but also there were other trematode species which were generated from the same cercarial type, like H. taichui. The overall prevalence of H. taichui infected snails was 9.7% (Fig.  2) . The cool-dry season had the highest prevalence of 12.2%, followed by the hot-dry (9.5%) and rainy seasons (8.6%), respectively. The proportion of H. taichui among the pleurolophocercous cercarial population was 44.9% (96/214) (Fig. 5) .
The prevalence of pleurolophocercous cercariae in naturally infected M. tuberculata, T. granifera, and T. scabra in this study was relatively high (21.7%), and higher than in the previous study (5.3%) because the crushing method which was employed in this study show more sensitivity and accuracy than those of shedding method that acquired previously [13] . Kumchoo et al. [4] reported high prevalence (91.4%) of H. taichui in cyprinoid fish from Mae Taeng district of Chiang Mai province. Nithikathkul and Wongsawad found a high infection rate of H. taichui and Haplorchoides sp. (83.90%) in this area [10] .
Our results showed that a high level (44.9%) of pleurolophocercous cercarial populations infected in thiarid snails was H. taichui, whereas it can be proposed that the remainders can develop into other trematode species, such as H. pumilio, S. falcatus, and Procerovum varium [12] [13] [14] 19, 20] . From this, it seems that the prevalence of trematode infection in definitive and second intermediate hosts collected from these areas may be very high. This conclusion is also supported by the peculiar ecological conditions of water resources in Mae Taeng district, which represents a complex and diverse freshwater ecosystem. There are good conditions for the cercarial stage of H. taichui to develop in the molluscs and then fish which lead to perpetuation in their life cycle.
Freshwater snails are important for medical and veterinary public health points of view. About 100 species of snails have been reported to act as intermediate hosts, such as Thiaridae, and have been recorded to harbor larval trematodes [22] . Our study found that M. tuberculata and T. granifera serve as intermediate hosts of H. taichui. The PCR approach conducted in this study confirmed the high prevalence of H. taichui, comprising almost a half of the pleurolophocercous cercariae. This test is suitable for epidemiological studies, and control programs for the snail intermediate hosts, and also for the detection of human infections. An essential and immediate applica- tion of this PCR method should be a metacercarial survey in fish of natural water resources in order to monitor infected areas. This may be a way for the long-term control of haplorchiasis in northern of Thailand.
